After a short historical introduction to the field of γ-ray line astronomy with radioactivities, I present an overview of recent results concerning the massive star yields of those radioactivities. I comment on the implications of those results (concerning long-lived radioactivities, like 26 Al and 60 Fe) for γ-ray line astronomy, in the light of past (COMPTEL and GRIS) and forthcoming (INTEGRAL) observations.
Introduction
Shortly after the discovery of the phenomenon of radioactivity, radionuclides revealed to be unique "'probes" in our study of the cosmos and important agents in its evolution (radioactive dating of the Earth, meteorites and stars; radioactive heating of planetary and supernova interiors; radioactive origin of abundant stable nuclei, like 56 Fe, and of isotopic anomalies in meteorites, etc).
As most other stable nuclei, radionuclides are produced in stellar interiors and ejected in the interstellar medium through stellar winds and explosions (nova or supernova). In a few cases, concerning extra-solar objects, the characteristic γ-ray line signature of their radioactive decay has been detected and used as a probe of a large variety of astrophysical sites; indeed, γ-ray line astronomy with cosmic radioactivities has grown to a mature astrophysical discipline in the last decade. See. e.g. Diehl and Timmes 1998, Arnould and Prantzos 1999, Knödlseder and Vedrenne 2001, for recent reviews; also, the proceedings of the Astronomy with Radioactivities Conference, organised every two years, nicely reflects the status of that discipline (web site: http://www.mpe.mpg.de/gamma/science/lines/workshops/radioactivity.htm ).
In this review I shall focus on radioactivities produced by massive stars (SNII and WR stars); radioactivities produced by exploding white dwarfs (novae and SNIa) are reviewed by Hernanz (this volume).
A short history of stellar radioactivities and γ-ray line astronomy
The main theoretical ideas underlying γ-ray line astronomy emerged slowly in the 60ies, while observational evidence came only about 20 years later. This history is largely dominated by two rather independent "programmes" of research: an astronomical one, seeking for the explanation of the late lightcurves of supernovae, and a nucleosynthetic one, seeking for the origin of the most abundant heavy nucleus, 56 Fe. An exceptionally clear and vivid account of that history is given in the text of Clayton (1999) , on which much of this section is based. tected in the supernova SN1987A, a ∼20 M ⊙ star that exploded in the Large Magellanic Cloud. On theoretical grounds, it was expected that a SNIa (exploding white dwarf of ∼1.4 M ⊙ that produces ∼0.7 M ⊙ of 56 Ni) would be the first to be detected in γ-ray lines; indeed, the large envelope mass of SNII (∼10 M ⊙ ) allows only small amounts of γ-rays to leak out, making the detectability of such objects problematic (Woosley et al. 1981 , Gehrels et al. 1987 . Despite the intrinsically weak γ-ray line emissivity of SN1987A, the proximity of LMC allowed the first detection of the tell-tale γ-ray line signature from the famous radioactive chain 56 Ni→ 56 Co→ 56 Fe, thus confirming a 25-year old conjecture (namely, that the abundant 56 Fe is produced in the form of radioactive 56 Ni).
Those discoveries laid the observational foundations of the field of γ-ray line astronomy with radioactivities. The next steps were made in the 90ies, thanks to the performances of the Compton Gamma-Ray Observatory (CGRO). First, the OSSE instrument aboard CGRO detected the 57 Co γ-ray lines from SN1987A ; the determination of the abundance ratio of the isotopes with mass numbers 56 and 57 offered a unique probe of the physical conditions in the innermost layers of the supernova, where those isotopes are synthesized (Clayton et al. 1992 ). On the other hand, the COMPTEL instrument mapped the Miky Way in the light of the 1.8 MeV line and found irregular emission along the plane of the Milky Way and prominent "hot-spots" in directions tangent to the spiral arms (Diehl et al. 1995) ; that map implies that massive stars (SNII and/or WR) are at the origin of galactic 26 Al (as suggested by Prantzos 1991 Prantzos , 1993 and not an old stellar population like novae or AGB stars. Furthermore, COMPTEL detected the 1.16 MeV line of radioactive 44 Ti in the Cas-A supernova remnant (Iyudin et al 1994) ; that discovery offered another valuable estimate of the yield of a radioactive isotope produced in a massive star explosion (although, in that case the progenitor star mass is not known, contrary to the case of SN1987A).
After that short historical introduction to the field of γ-ray line astronomy, we turn in the next section into a discussion of the theoretically predicted yields of radioactivities from massive stars, the associated uncertainties and the relevant observational constraints.
3 Stellar Radioactivities: Yields, constraints, detectability
Overview
All nuclei (except for the primordial isotopes of H and He and those of Li, Be and B) are thermonuclearly synthesized in the hot and dense stellar interiors, which are opaque to γ-rays. Released γ-ray photons interact with the surrounding material and are Compton-scattered down to X-ray energies, until they are photoelectrically absorbed and their energy is emitted at longer wavelengths. To become detectable, radioactive nuclei have to be brought to the surface (through vigorous convection) and/or ejected in the interstellar medium, either through stellar winds (AGB and WR stars) or an explosion (novae or supernovae). Their detection provides then unique information on their production sites.
The intensity of the escaping γ-ray lines gives important information on the yields of the corresponding isotopes and the physical conditions (temperature, density, neutron excess etc.) in the stellar zones of their production, as well as on other features of the production sites (extent of convection, mass loss, hydrodynamic instabilities, position of the "mass-cut" in SNII, etc.). The shape of the γ-ray lines reflects the velocity distribution of the ejecta, modified by the opacity along the line of sight and can give information on the structure of the ejecta (see e.g. Burrows 1991 for the potential of γ-ray lines as a tool of supernova diagnostics). Up to now, only the 0.847 MeV 56 Co line from SN1987A and the 1.8 MeV 26 Al line from the inner Galaxy have been resolved (both with the same instrument, the balloon borne GRIS spectrometer), but their "message" is not quite understood yet. Obviously, radionuclides of interest for γ-ray line astronomy are those with high enough yields and short enough lifetimes for the emerging γ-ray lines to be detectable. On the basis of those criteria, Table 1 gives the most important radionuclides (or radioactive chains) for γ-ray line astronomy, along with the corresponding lifetimes, line energies and branching ratios, production sites and nucleosynthetic processes. a When the lifetime of a radioactive nucleus is not very large w.r.t. the timescale between two nucleosynthetic events in the Galaxy, those events are expected to be seen as point-sources in the light of that radioactivity. In the opposite case a diffuse emission along the Galaxy is expected from the cumulated emission of hundreds or thousands of sources. Characteristic timescales between two explosions are ∼1-2 weeks for novae (from their estimated Galactic frequency of ∼30 yr −1 , Della Vale and Livio 1995), ∼50-100 yr for SNII+SNIb and ∼200-400 yr for SNIa (from the corresponding Galactic frequencies of ∼2 SNII+SNIb century −1 and ∼0.25-0.5 SNIa century −1 , Tammann et al. 1994 , Cappellaro et al. 1997 ). Comparing those timescales to the decay lifetimes of Table 1 one sees that in the case of the long-lived 26 Al and 60 Fe a diffuse emission is expected; the spatial profile of that emission should reflect the Galactic distribution of the underlying sources. All the other radioactivities of Table 1 should be seen as point sources in the Galaxy except, perhaps, 22 Na from Galactic novae; indeed, the most prolific 22 Na producers, O-Ne-Mg rich novae, have a frequency ∼1/3 of the total (i.e. ∼10 yr −1 ), resulting in ∼40 sources active in the Galaxy during the 3.8 yr lifetime of 22 Na.
a The 511 keV line of e + -e − annihilation is, in fact, the first γ-ray line ever detected (Johnson et al. 1972 ), although its origin (probably related to the radionuclides of Table 1 ) and spatial distribution in the Galaxy are not well understood yet (see Kinzer et al. 2001 , and references therein). 
Yields
Yields of radioactive isotopes produced in SNII are displayed in Fig. 1 . On the left part of the diagram, Clayton's (1982) "educated guess" of those yields is presented for illustration purposes; as discussed in Sec. 2, it is in excellent agreement with modern yield calculations.
In Fig. 1 it appears that the stellar mass does not affect substantially those yields; at least in the 15-25 M ⊙ mass range, yields do not vary by more than a factor of ∼2-3 (notice, however, that they do not always behave monotonically with mass). Unfortunately, the uncertainties in those yields are difficult to quantify at present, because of the many factors involved: nuclear physics (for instance, the 12 C(α, γ) rate or n-capture and n-production cross sections), convection and mass loss prescriptions, position of the mass-cut, neutrino spectra (for some nuclei that may receive conribution from neutrino-induced nucleosynthesis) etc. Taking all those uncertainties into account, it is safe to assume that theoretical yields at present are uncertain by at least a factor of 2 (and, quite probably, by much larger factors). In particular, the yield of all Fe-peak radioactivities (including 44 Ti) are quite sensitive to the position of the mass-cut; some discussion on relevant constraints is given in Sec. 3. , performed with state-of-the-art stellar evolution models (including mass loss and a simulation of the explosion) and extended nuclear reaction networks with updated physics. These results illustrate well current uncertainties for 26 Al and 60 Fe, two radioactivities produced outside the stellar Fe-core.
-In the case of 26 Al, the overall agreement is rather good: the RHHW2002 yields are larger by a factor of 2.5 on average than those of CL2002, the difference been more pronounced in the 15 M ⊙ star than in the 25 M ⊙ case. The two calculations converge in the more massive stars, where 26 Al production is dominated by pre-explosive nucleosynthesis in the Ne and H shells. In lower mass stars 26 Al production is dominated by explosive Ne-burning; several factors may then explain the differences between the two calculations: the detailed pre-supernova structure through which the shock-wave runs; the amount of seed nuclei ( 23 Na, 25 Mg etc) which are products of C-burning and depend thereoff on the carbon abundance left off from He-burning, that is on the 12 C(α, γ) reaction rate; the ν-induced nucleosynthesis (included in RHHW2002 but not in CL2002), etc.
-In the case of 60 Fe the situation is not as satisfactory as for 26 Al. 60 Fe is mainly produced by explosive Ne-burning, through neutron captures on stable 56 Fe and 58 Fe; its yield depends on the available amount of 22 Ne, which releases those neutrons through 22 Ne(α,n), as well as on available 58 Fe. There is a factor of ∼10 difference between the two calculations, for both the 15 M ⊙ and the 25 M ⊙ stars. An explanation of such a large difference appears difficult, especially when the non-monotonic behaviour of the RHHW2002 yields of 60 Fe with stellar mass is taken into account: according to RHHW2002, the ∼20 M ⊙ region marks the transition from exoergic convective carbon burning (for M<20 M ⊙ ) to stars where energy production from central Cburning just compensates for neutrino losses (M>20 M ⊙ ); the effect of that transition on the 60 Fe yields has not been investigated yet. Notice that the 60 Fe yields of RHHW2002 are much larger than those of the previous calculations of that same group (Woosley and Weaver 1995) . Notice also that the 60 Fe yields of RHHW2002 are larger than the corresponding ones of 26 Al, a situation that is not encountered either in CL2002 or in Woosley and Weaver (1995).
Constraints
The issue of the 60 Fe and 26 Al yields in massive stars is of importance, in view of current observational constraints and forthcoming INTEGRAL measurements (see Sec. 4.2). Fig. 1 displays some other observational constraints on SNII radioactivities, obtained for SN1987A (paralellograms for 56 Ni, 57 Co and 44 Ti, for a 18-20 M ⊙ star) and for other supernovae (on the right of the figure; the corresponding stellar mass is irrelevant in the latter case).
In the case of SN1987A, the 56 Ni yield (0.07 M ⊙ ) is obtained through extrapolation of the supernova lightcurve, assumed to be powered by 56 Co decay, to the day of the explosion (e.g. Arnett et al. 1989 ). The yield of 57 Co is obtained in three different ways: a) through the measured intensity of the 0.122 Mev line of 57 Co and assuming a low optical depth for those photons; b) through the study of the late bolometric lightcurve of SN1987A and assuming that it is dominated by 57 Co decay at days 1100-2000 (this analysis is far less straightforward than in the case of 56 Ni); c) through an analysis of the infrared emission lines of the ejecta. All those methods converge to a value of 57 These observational constraints compare rather well with theoretical predictions for 18-20 M ⊙ stars (the estimated progenitor mass of SN1987A, on the basis of its optical luminosity, e.g. Arnett et al. (1989) ). Notice, however, that model results in Fig. 1 correspond to stars calculated with initial metallicity Z=Z ⊙ , while the progenitor of SN1987A presumably had LMC metallicity, namely Z∼0.3 Z ⊙ . Notice also that Thielemann et al. (1996) obtain a larger 44 Ti yield for the 20 M ⊙ star (1.7 10 −4 M ⊙ ), due to a difference in the way of simulating the explosion: the "thermal bomb" they use leads to a larger entropy and more important α-rich freeze-out than in the case of the piston-driven explosion adopted by RHHW2002. Such a high 44 Ti yield is marginally detectable by INTEGRAL (see next section) .
Data on the right of Fig. 1 concern 56 Ni yield estimates for extragalactic SNII. Based on a sample of 8 SNIIP (the "standard" SNII, with a "plateau" in the optical lightcurve) and assuming a bolometric correction similar to the one of SN1987A, Sollerman (2002) finds a mean value of 0.075 M ⊙ with a standard deviation of 0.03 M ⊙ . He notices, however, that SNII with much lower and higher yields than the "canonical" one have also been found. In the former case belong SN1994W: the extremely rapid fading of its lightcurve suggests a 56 Ni yield lower than 0.015 M ⊙ . On the other hand, SN1998bw is the most 56 Ni-rich supernova today: detailed modelling of its late emission requires 56 Ni yields of 0.5-0.9 M ⊙ , and simple arguments lead to a lower limit of 0.3 M ⊙ (Sollerman et al. 2002) . Thus, it appears that the 56 Fe yield of massive stars is far from being a "universal constant" of ∼0.075 M ⊙ , a fact that may have interesting implications for stellar models as well as galactic chemical evolution, especially concerning the observed scatter of abundance ratios in halo stars (Ishimaru et al. 2002) .
Finally, the 44 Ti yield of CasA is inferred from the 1.16 MeV line flux of 44 Sc decay detected by COMPTEL (3.3±0.6 10 −5 cm −2 s −1 ) and the CasA distance (3.4 kpc) and age (320 yr) and amounts to ∼1.7 10 −4 M ⊙ ). An independent evaluation of the 44 Ti yield in CasA came recently, through detection of the low energy decay lines of 44 Ti by Beppo-SAX: the detected flux at 68 and 78 keV implies a 44 Ti mass of 1-2 10 −4 M ⊙ , depending on the modelisation of the underlying continuum spectrum (Vink et al. 2001 ; Vink and Laming this volume). These yields are larger than the average 44 Ti yields of RHHW2002 (see Fig. 1 ), typically by a factor of ∼3, but compatible with those of Thielemann et al. (1996) . Notice, however, that these estimates suffer from uncertainties related to the ionisation state of the SN remnant; an ionised medium could slow down the electron-capture decay of that radionuclide and explain the observed flux with a smaller yield (see Mochizuki et al. 1999 ).
Detectability
For tutorial purposes, we present in Fig. 2 a schematic view of the γ-ray line emissivity of a "typical" SNII, over three different timescales: 10 years, 10 centuries and a few Myrs. The figure is based on the yields of Fig. 1 and is calculated by assuming a SN1987A-like opacity for the ejecta.
Notice that, if the RHHW2002 yields of 60 Co are correct, the 60 Co lines might dominate the γ-ray line emission of the SN for a couple of years, between 5 and 8 years after the explosion; that possibility was suggested by Clayton (1982) for very young SN remnants in the Milky Way. Unfortunately, the expected flux from SN1987A was below the sensitivity limits of instruments aboard CGRO and it will also be below the detection threshold of INTEGRAL (which is launched ∼15 years after the explosion, while 60 Co has a mean life of 7.6 yr). The role of 60 Co for the late lightcurve of SN1987A was studied in Timmes et al. (1996) . It may well be that the current difficulties in modelling the late bolometric lightcurve of that supernova and its infrared line emissivity (see previous section) may be, at least partially, due to an inadequate account of the energy input from that isotope.
The expected 1.16 MeV γ-ray line flux from 44 Ti in SN1987A (∼10 −5 cm −2 s −1 ) lies at the detection limit of INTEGRAL and will be one of the prime targets of the SPI instrument aboard that satellite. Even a 3-σ upper limit would bring important information on the position of the mass-cut and the explosion mechanism of that supernova, since 44 Ti yield is more sensitive to the mass-cut than other isotopes (e.g. Timmes et al. 1996) . On the other hand, Fig. 2 reveals also that 44 Ti from centuries-old SN remnants in the Milky Way should be detectable by INTEGRAL; here again, a positive detection will reveal hitherto unknown Galactic SN remnants, while a negative result is expected to place interesting constraints on the frequency of the production sites of that isotope and on the corresponding yields. Indeed, on the basis of Woosley and Weaver (1995) yields Timmes et al. (1996) estimate that, in order to explain the solar abundance of 44 Ca, one has to invoke either a higher SN frequency in the Galaxy or high 44 Ti yields or production of 44 Ca in rare events, like sub-Chandrasekhar mass SNIa. An analysis of COMPTEL map of the inner Galaxy in the light of 1.16 MeV suggests that the first two possibilities should be excluded, otherwise more and/or brighter "hot-spots" than actually observed should be found by COMPTEL . In that respect, it is interesting to notice that tantalizing hints for 44 Ti emission from the nearby source GRO J0852-4642, a previously unknown supernova remnant, were recently reported (Iyudin et al. 1998 , Aschenbach et al. 1999 ; but, see also Schönfelder et al. 2000) . Long -lived radioactivities are difficult to detect from individual sources, even with next generation instruments. For instance, in the case of 26 Al, an exceptionally close site (closer than ∼0.3 kpc) is required for its 1.8 MeV line to be detectable by INTEGRAL; the Vela region might offer just such a chance, in view of some intriguing hints from COMPTEL observations (see Sec. 4.4). In the following we shall focus on the long-lived radioactivities 26 Al and 60 Fe. During their ∼Myr lifetimes the collective emission from tens of thousands of sources gives rise to a diffuse emission along the plane of the Milky Way; only the 26 Al emission has been detected up to now. 
Overview
COMPTEL is the only instrument with imaging capabilities that detected the Galactic 1.8 MeV line emission (Fig. 3) . The data shows clearly a diffuse, irregular, emission along the Galactic plane, allowing to eliminate: i) a unique point source in the Galactic centre and/or a nearby local bubble in that direction; ii) an important contribution of the Galactic bulge, signature of an old population and iii) any class of sources involving a large number of sites with low individual yields (like nova or low mass AGB stars), since a smooth flux distribution is expected in that case (Diehl et al. 1995) . Identification of some of the observed features ("hot-spots") with tangents to spiral arms seems quite plausible and suggests that massive stars are at the origin of 26 Al (Prantzos and Diehl 1996) . Estimates of the galactic mass of 26 Al rely on assumptions about the spatial distribution of the underlying sources. All plausible disk models tested by the COMPTEL team yield a mass of ∼2 M ⊙ . Introducing a spiral structure to the axisymmetric disk models improves the fit to the data and implies that between 60 and 100 % of the 26 Al may lie on the spiral arms ). It should be noticed that the derived spatial distribution of 26 Al depends on the method of analysis. As shown by Knödlseder et al. (1999) some imaging analysis methods lead to all-sky maps with more pronounced localised features than some others; still, the irregular nature of the 1.8 MeV emission along the Galactic plane and the localised "hot-spots" are revealed by all imaging methods, in a statistically significant way (Plüschke et al. 2001a ). 26 Al and the role of 60 
Sources of

Fe
The 26 Al yields presented in Fig. 1 concern massive stars exploding as SNII. Even more massive stars (>30 M ⊙ ) may produce substantial amounts of 26 Al during central (hydrostatic) H-burning and eject them through their powerful stellar winds, in the WR stage (Prantzos and Cassé 1986); the WR yields are relatively well determined (e.g. Meynet et al. 1997 ), but the explosive yields of those stars (which ultimately explode as SNIb) are very poorly known at present.
Under the most favorable conditions (highest possible yields for SNII allowed by current uncertainties; accounting for the strong metallicity dependence of WR yields, which favours sources in the inner Galaxy; adopting a mildly steep IMF, i.e. with the Salpeter slope of -1.35 instead of the Scalo slope of -1.7), it turns out that both SNII and WR can account for ∼2 M ⊙ /Myr of 26 Al(e.g. Prantzos and Diehl 1996) . It may well be that both classes of sources contribute equally to the Galactic 26 Al(a coincidence not "stranger" than the quasi-equality between the solar abundances of s-and r-elements, or between the contributions of the dark matter and dark energy to the density of the Universe). However, it is interesting to see whether independent constraints can be used to distinguish between the SNII and WR contributions and identify a dominant component (assuming that there is one). One such constraint is the flux ratio of the γ-ray lines of 60 Fe (1.17 and 1.33 MeV) and 26 Al (1.8 MeV). Indeed, 60 Fe is predicted to be co-produced with 26 Al in SNII (in almost the same zones and in similar amounts, Fig. 1 , where Y represent yields averaged over the IMF and τ the corresponding decay lifetimes); if WR stars are dominant, the γ-ray line flux ratio of 60 Fe/ 26 Al is expected to be extremely low.
The
Al ratio of SNII depends on stellar models (and slightly on the IMF). The Woosley and Weaver (1995) yields lead to a flux ratio of 0.16 (Timmes et al. 1995) , and so do the recent ones of CL2002 (note that the absolute 60 Fe and 26 Al yields of CL2002 are ∼ 4 times lower than those of WW1995); however, the most recent results of the Santa Cruz group (RHHW2002) lead to a surprisingly large flux ratio 60 F e 26 Al ∼0.4. On the other hand, current observational upper limits, obtained by GRIS (Naya et al. 1998) and COMPTEL (Diehl 2000) are close to 0.15. It appears then that: a) the RHHW2002 yields can produce ∼1 M ⊙ of Galactic 26 Al, but should be excluded by the non-detection of 60 Fe; b) the CL2002 yields produce a Galactic 26 Al mass of ∼0.4 M ⊙ , too low to explain the detected 1.8 MeV flux. Taken at face value, the most recent SNII yields apparently exclude SNII as dominant sources of Galactic 26 Al. Does this mean that WR stars constitute a viable alternative?
WR stars can indeed provide ∼2 M ⊙ /Myr of 26 Al (Meynet et al. 1997) , provided that the strong metallicity dependence of the yields is taken into account. Moreover, Knödlseder (1999) showed that a map of the ionising power from massive stars (derived from the COBE data, after correction for synchrotron contribution) corresponds to the 1.809 MeV map of galactic 26 Al in all significant detail; assuming a standard stellar initial mass function, his calculation reproduces consistently the current galactic supernova rate and massive star population from both maps, and suggests that most of 26 Al is produced by WR stars of high metallicity in the inner Galaxy. Finally, point out that one of the prominent "hot-spots" in the COMPTEL 1.8 MeV sky-map, the Cygnus region, is an association of massive stars with no sign of recent supernova activity. All these observational and theoretical indices favour WR stars as dominant 26 Al contributors. However, in that case, the 1.8 MeV longitude profile (or, equivalently, the 26 Al radial profile) should be steeper than observed (see Fig. 5 ).
In summary, there is no satisfactory explanation at present for the flux of the 1.8 MeV line and its spatial distribution in the Milky Way. INTEGRAL is expected to provide a more detailed spatial profile than COMPTEL and to put more stringent limits (or, perhaps, to detect) emission from 60 Fe. Only when the nature of the major 26 Al sources is clarified it will become possible to tackle the question of their Galactic distribution (i.e. with any yield dependence on metallicity -or other factors -properly taken into account).
The 26 Al line width: a hint for mixing of SN ejecta in the ISM?
The width of the 26 Al line was already discussed by Ramaty and Lingenfelter (1977) who pointed outh that 26 Al ejected from SN should deccelerate in the ISM in a timescale short compared with its decay timescale; as a consequence, the emitted γ-ray line should be quite narrow (narrower than the ∼2 keV width imposed by Galactic rotation), making its detection relatively easy.
The HEAO-3 Ge detectors found the line to be narrow indeed: FWHM<3 keV (Mahoney  et al. 1984) ; however, the GRIS instrument measured a FWHM=5.4±1.4 keV, ∼3 times larger than HEAO-3 and much larger than allowed by Galactic rotation (Naya et al. 1996) . If real, that large width can be interpreted either as kinematic (with the bulk of 26 Al moving with velocities ∼540 km/s) or thermal (with most 26 Al atoms brough to temperatures T∼4.5 10 8 K). The thermal origin seems improbable, since it would imply that all 26 Al is produced in ∼200 mini-starburst regions in the inner Galaxy regions (Chen et al. 1997) . A non-thermal origin could be understood if 26 Al nuclei are incorporated in dust grains, which are launched by the SN explosion (Chen et al. 1997) , or accelerated by the SN shock wave (Ellison et al. 1997) or repeatedly accelerated by SN shocks (Sturner and Naya 1999).
The SPI instrument of INTEGRAL will clarify that issue, by measuring the line width and also the latitude distribution of the line emission. Already, COMPTEL measurements imply a vertical scaleheight of <220 pc for the 26 Al distribution and suggest that the velocity of the bulk of 26 Al has not as large a component perpendicularly to the Galactic plane as suggested by the kinematic interpretation of the GRIS measurements (Oberlack 1997 ).
26 Al "hot-spots": monitoring stars, superbubbles and young stellar associations
The study of individual "hot-spots" revealed by COMPTEL bears on our understanding of the evolution of young stellar associations (in the cases of Cygnus, Carina and Centaurus-Circinus) and even individual stars (in the case of Vela).
The Cygnus regions was studied with population synthesis models by two groups (Cervinho et al. 2001 , Plüschke et al. 2001b ). The resulting morphology of the 1.8 MeV emission compares well with the COMPTEL data. However, in the case of Carina, the predicted absolute flux is smaller (by a factor of 5-20) than detected by COMPTEL ). That discrepancy may imply something interesting, either for the (in)completeness of the stellar census of that association or for the 26 Al yields. INTEGRAL will establish more accurately the morphology of those "hot-spots" and further test the "massive star group" origin of 26 Al.
Another target of importance for future 1.8 MeV studies is the Orion/Eridanus region. COMPTEL surveys of the anticenter region show significant (5 σ) extended emission towards the south of the Orion molecular clouds. That emission could be attributed (Diehl 2002 ) to 26 Al ejected by the prominent Orion OB1 association and expanded into the low density cavity of the Eridanus bubble. The exansion of supernova ejected into a previously formed cavity of peculiar shape (and not into a medium with radial symmetry) is a novel and interesting field of study, opened by COMPTEL and left for INTEGRAL to explore.
Finally, the Vela region offers the opportunity to measure (or put upper limits on) 26 Al yields from individual sources. The morphology of the rather extened 1.8 MeV emission detected by COMPTEL does not allow identification with any of the three known objects in the field (the Vela SNR, the closest WR star γ 2 Vel and SNR RX-J0852-4622); all three objects lie closer than 260 pc, according to recent estimates. COMPTEL measurements are compatible with current yields of SNII (in the case of Vela SNR) and marginally compatible with current yields of γ 2 Vel (Oberlack et al. 2000) . INTEGRAL measurements in the Vela region are then expected to place more stringent constraints on stellar models.
Summary
The aim of Gamma-Ray Astronomy with Radioactivities, as explicitly defined by the "founding fathers" of the field in the 60ies (see Sec. 2) was to probe stellar nucleosynthesis as well as supernova structure and energetics. This original aim was reached in a spectacular way in the case of SN1987A (which, however, remains today -and, probably, for sometime in the futurea unique object in that respect).
On the other hand, the legacy of HEAO-3 and COMPTEL set new aims to the field of Gamma-Ray Astronomy with long-lived Radioactivities: to probe the large-scale distribution of active nucleosynthesis sites in the Galaxy and the properties/history of any clusterings in that distribution (young stellar associations, individual objects). INTEGRAL is expected to perform this next step.
